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MOTOR DRIVING DEVICE AND MOTOR 
UNIT 

CROSS REFERENCES TO RELATED 
APPLICATION 

The present invention contains subject matter related to 
Japanese Patent Application JP 2007-053657 ?led in the 
Japanese Patent O?ice on Mar. 5, 2007, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a motor driving device for 

driving a motor, and a motor unit in Which the driving device 
is integrated With the motor. In particular, the invention 
relates to a motor driving device and a motor unit that are 
driven by a pulse-Width-modulated poWer supply voltage. 

2. Description of the Related Art 
An information processing device such as a PC (personal 

computer) is provided With fans for cooling the inner portion 
of the device. Further, there is a fan of Which the number of 
revolutions is changed according to the operational state of 
the device. For example, there is a fan of Which the number of 
revolutions of a fan motor is changed according to the tem 
perature of a heating element in order to improve cooling 
performance and reduce noise in a PC. 

FIG. 6 is a vieW shoWing the con?guration of a driving 
circuit of a fan motor in the related art. 

In FIG. 6, a driving circuit of a single-phase full-Wave 
brushless DC motor is shoWn as an example. The motor 
driving circuit includes a Hall element 11, a Hall ampli?er 12, 
a Waveform shaping circuit 13, a sWitching control circuit 14, 
and a poWer output circuit 16. Further, the poWer output 
circuit 16 includes pnp transistors Q1 and Q2 and npn tran 
sistors Q3 and Q4. Both ends of a coil L1 forming a stator of 
the motor are connected to a portion betWeen the transistors 
Q1 and Q3 and a portion betWeen the transistors Q2 and Q4, 
so that an H bridge circuit is formed. 

In addition, the motor driving circuit is provided With a 
poWer terminal 41, a ground terminal 42, and an FG (Fre 
quency Generator) output terminal 43. Further, the Hall ele 
ment 11, the Hall ampli?er 12, the Waveform shaping circuit 
13, the sWitching control circuit 14, and the poWer output 
circuit 16 are driven by a poWer supply voltage VCC that is 
commonly input from the poWer terminal 41. 

The Hall element 11 is provided in the fan motor, and 
outputs a voltage signal corresponding to the direction of a 
magnetic ?eld that is changed due to the rotation of the rotor 
31 of the fan motor. The Hall ampli?er 12 ampli?es an output 
signal that is output from the Hall element 11. The Waveform 
shaping circuit 13 shapes the Waveform of the output signal, 
Which is output from the Hall ampli?er 12, in a pulse shape. 
Further, the Waveform shaping circuit outputs an FG signal, 
Which is used to detect the number of revolutions of the rotor 
31, from the FG output terminal 43 to an external control 
device (not shoWn). 

Furthermore, the output signal that is output from the Hall 
ampli?er 12 is also sent to the sWitching control circuit 14. 
The sWitching control circuit 14 outputs a sWitching signal, 
Which sWitches the sWitching operations of the transistors Q1 
to Q4 of the poWer output circuit 16, on the basis of the output 
signal that is output from the Hall ampli?er 12, and deter 
mines the direction of current ?oWing in the coil L1 so that the 
rotor 31 is rotated in a de?nite direction. 
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2 
The above-mentioned motor driving circuit, the fan motor 

that includes the coil L1 and the rotor 31, and a fan 32 may be 
unitiZed as, for example, a fan motor unit 100. Further, as 
described beloW With reference to FIGS. 7 to 10, the rota 
tional speed of the fan motor is changed by controlling the 
poWer supply voltage VCC applied to the motor driving cir 
cuit. 

FIG. 7 is a vieW illustrating a ?rst method of changing the 
rotational speed of the fan motor by using the motor driving 
circuit of FIG. 6. FIG. 8 is a graph shoWing the relationship 
betWeen a control voltage and a poWer supply voltage When 
the method of FIG. 7 is used. 

In this case, a transistor Q51 used to control the poWer 
supply voltage is provided outside the fan motor unit 100 
shoWn in FIG. 6. The transistor Q51 is an npn transistor, a 
poWer supply voltage (herein, 12 V) used to perform an opera 
tion is applied to a collector, and an emitter is connected to the 
poWer terminal 41 of the fan motor unit 1 00. Further, a control 
voltage Vc, Which is a DC voltage used to indicate the rota 
tional speed of the fan motor, is applied to a base of the 
transistor Q51 from a control device (not shoWn).As shoWn in 
FIG. 8, if the control voltage Vc is changed, the poWer supply 
voltage VCC applied to the poWer terminal 41 of the fan 
motor unit 100 is changed, so that the rotational speed of the 
rotor 31 is changed according to the change of the poWer 
supply voltage. 

Further, FIG. 9 is a vieW illustrating a second method of 
changing the rotational speed of the fan motor by using the 
motor driving circuit of FIG. 6, and FIG. 10 is a graph shoW 
ing the change of a poWer supply voltage When the method of 
FIG. 9 is used. 
The ?rst method illustrated in FIG. 7 has a problem that 

poWer loss of the transistor Q51 provided outside the fan 
motor unit is large. MeanWhile, according to the example 
shoWn in FIG. 9, a pnp transistor Q52 instead of the transistor 
Q51 is provided outside the fan motor unit, and a PWM (Pulse 
Width Modulation) signal is input to a base of the transistor 
Q52 as a control voltage Vc. The transistor Q52 is sWitched 
according to the PWM signal, so that the Waveform of the 
poWer supply voltage VCC applied to the fan motor unit 100 
is formed in a pulse shape as shoWn in FIG. 10. Further, the 
pulse Width of the poWer supply voltage VCC is also changed 
according to the change of the pulse Width of the control 
voltage Vc, so that the effective voltage of the poWer supply 
voltage VCC is changed. Therefore, it may be possible to 
change the rotational speed of the rotor 31. 
The above-mentioned method is generally used in the lap 

top computer in Which poWer saving is particularly 
demanded. In particular, if the method is used in a system 
such as a fan motor of a laptop computer in Which the rota 
tional speed of a motor does not need to be ?nely controlled, 
it maybe possible to simplify the con?guration of the circuit 
and to reduce manufacturing cost and the siZe of the circuit. 
Further, if a PWM signal is used, it may be possible to also 
obtain a merit that a digital circuit is easily controlled. 

Next, FIG. 11 is a vieW shoWing another con?guration of a 
driving circuit of a fan motor in the related art. 

FIG. 11 shoWs the con?guration of a so-called sensorless 
motor driving circuit that does not use a device for detecting 
the position of the rotor 31 such as a Hall element. Mean 
While, the sensorless motor driving circuit uses a three-phase 
brushless DC motor as a fan motor. 
The motor driving circuit 200 includes a counter electro 

motive force detecting circuit 51, an FG detecting circuit 52, 
a timing generating circuit 53, a sWitching control circuit 54, 
a start logic circuit 55, a clock generating circuit 56, and 
poWer output circuits 57a to 570. Further, a poWer terminal 
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71, a ground terminal 72, an FG output terminal 73, coil 
terminals 74a to 740 that correspond to a U phase, a V phase, 
and a W phase, respectively, and a common terminal 75 are 
provided as input/ output terminals. 

Each of the poWer output circuits 57a to 570 includes tWo 
sWitch elements (for example, a pnp transistor and an npn 
transistor), and a six-element bridge circuit is formed by the 
sWitch elements and the coils L11 to L13. That is, one ends of 
the corresponding coils L11 to L13 are connected to nodes 
betWeen tWo sWitch elements of the poWer output circuits 57a 
to 570 through the coil terminals 74a to 740, respectively, and 
the other ends of the coils L11 to L13 are commonly con 
nected to the common terminal 75. Further, each of the poWer 
output circuits 57a to 570 is driven by the poWer supply 
voltage VCC that is applied from the poWer terminal 71. 

The counter electromotive force detecting circuit 51 com 
pares the voltages betWeen the common terminal 75 and the 
coil terminals 74a to 740 With a predetermined voltage, in 
order to detect the polarities of the counter electromotive 
forces generated in the coils L11 to L13. The PG detecting 
circuit 52 converts the detection result of the counter electro 
motive force corresponding to each phase into position infor 
mation. Further, the PG detecting circuit outputs an FG sig 
nal, Which is used to detect the number of revolutions of the 
rotor 31, from the PG output terminal 73 to an external control 
device (not shoWn). 

The timing generating circuit 53 performs a counting 
operation, Which is based on the Zero-cross timing of the 
voltage of each of the coils L11 to L13, on the basis of the 
detection result of the counter electromotive force detecting 
circuit 51. The timing generating circuit generates a timing 
signal that is used as reference of a conduction timing corre 
sponding to each phase. The sWitching control circuit 54 
sWitches the turning-on/off operation of each of the sWitch 
elements of the poWer output circuits 57a to 570 on the basis 
of the timing signal generated by the timing generating circuit 
53, and alloWs current to selectively How in the coils L11 to 
L13 so that the rotor 31 is rotated in a de?nite direction. 

The start logic circuit 55 and the clock generating circuit 56 
are circuits operated during the driving Without a suf?cient 
counter electromotive force. The start logic circuit 55 controls 
the timing generating circuit 53 so that the timing generating 
circuit generates a timing signal. The timing signal alloWs the 
rotor 31 to be rotated on the basis of the clock signal generated 
by the clock generating circuit 56. When the rotational speed 
of the rotor 31 reaches a predetermined rotational speed 
through the control of the start logic circuit 55, the operation 
of the start logic circuit 55 is stopped and sWitched into the 
control operation based on the detection result of the counter 
electromotive force detecting circuit 51. 

MeanWhile, there has been the folloWing device as a motor 
control device in the related art. The device has the con?gu 
ration in Which a sWitching element is provided on a poWer 
supply line of a DC fan motor and a PWM controlled is 
performed, and a capacitor that delays tuming-off and has 
small capacitance is provided betWeen a collector and a base 
of the sWitching element (bipolar transistor). Therefore, 
clicking sound is reduced during the sWitching-off (for 
example, see JP-A-2003-319677 (paragraph Nos. [0020] to 
[0023], FIG. 1)). 

Further, there has been also a motor control device that 
controls the compensation of a motor driving unit on the basis 
of a voltage detection signal, Which is obtained by dividing 
DC poWer supplied to a motor driving unit. The motor driving 
unit and a control unit thereof share ground terminals, and the 
voltage detection signal is directly sent to the control unit, so 
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4 
that an isolation ampli?er does not need to be provided (for 
example, see JP-A-11-235088 (paragraph Nos. [0007] to 
[0009], FIG. 1)). 

In addition, there has been the folloWing control circuit of 
a brushless DC motor. The control circuit compares a voltage, 
Which is obtained by converting current supplied to the DC 
motor, With a predetermined voltage, and counts the Wave 
form output as the comparison result, thereby detecting the 
number of revolutions of the DC motor (for example, see 
JP-A-2006-180610 (paragraph Nos. [0017] to [0019], FIG. 
1)) 

SUMMARY OF THE INVENTION 

Meanwhile, the PG signal, Which is output from the PG 
output terminal 43 of the motor driving circuit shoWn in FIG. 
6, is used in an external control device (not shoWn) in order to 
detect the number of revolutions of the motor and the failure 
such as the stop of a motor. HoWever, When the rotational 
speed is changed by the method illustrated in FIG. 9 using the 
motor driving circuit of FIG. 6, the driving voltage of the Hall 
ampli?er 12 is formed in a pulse shape and the Waveform of 
the output signal of the Hall ampli?er 12 is affected by the 
PWM signal. For this reason, there have been problems that a 
correct FG signal is not output and the number of revolutions 
of the motor is not accurately detected in the control device. 

Meanwhile, it is considered that the rotational speed is 
changed by the method illustrated in FIG. 9 using the sensor 
less motor driving circuit shoWn in FIG. 11. HoWever, in the 
motor driving circuit having this con?guration, a timing gen 
erating circuit 53 is provided With a counter, and a conduction 
timing for each of the coils L11 to L13 is generated by the 
counter. For this reason, When the poWer supply voltage VCC 
is used as the PWM signal, the instantaneous interruption of 
the poWer supply voltage VCC is repeated. Accordingly, an 
internal counter is reset, that is, a logic circuit including the 
counter does not normally operated. Therefore, it Was di?i 
cult to apply the method illustrated in FIG. 9 to the motor 
driving circuit having this con?guration. 

Thus, it is desirable to provide a driving device and a motor 
unit that can correctly control the rotational speed of a motor 
by a pulse-Width-modulated poWer supply voltage. 

According to an embodiment of the invention, there is 
provided a motor driving device for driving a motor. The 
motor driving device includes an output circuit, a control 
circuit, a back?oW preventing diode, and a capacitor. The 
output circuit is driven by a ?rst poWer supply voltage, 
includes a sWitching element of Which turning-on/off is 
sWitched according to a sWitching control signal, and outputs 
current corresponding to the pulse Width of the voltage to 
motor coils When receiving a pulse-Width-modulated ?rst 
poWer supply voltage. The control circuit is driven by a sec 
ond poWer supply voltage and includes a position detecting 
circuit and a sWitching circuit. The position detecting circuit 
detects the position of a rotor of the motor, and the sWitching 
circuit generates the sWitching control signal on the basis of 
the detection result of the position detecting circuit in order to 
sWitch the turning-on/off of the sWitching element. The 
capacitor performs a charging operation by a voltage that is 
applied from an input terminal of the ?rst poWer supply 
voltage through the diode, and applies a voltage of a node 
betWeen the diode and the capacitor to the control circuit as 
the second poWer supply voltage. 

In the motor driving device, the output circuit and the 
control circuit are individually driven by the ?rst poWer sup 
ply voltage and the second poWer supply voltage, respec 
tively. The output circuit is driven by the ?rst poWer supply 
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voltage, and includes a switching element of which tuming 
on/off is switched according to a switching control signal. 
Further, when receiving a pulse-width-modulated ?rst power 
supply voltage, the output circuit outputs current correspond 
ing to the pulse width of the voltage to motor coils. Accord 
ingly, the rotational speed of the motor is changed according 
to the pulse width of the ?rst power supply voltage. The 
control circuit includes a position detecting circuit and a 
switching circuit. The position detecting circuit detects the 
position of a rotor of the motor. The switching circuit gener 
ates a switching control signal on the basis of the detection 
result of the position detecting circuit in order to switch the 
turning-on/off of the switching element. Furthermore, the 
capacitor performs a charging operation by a voltage that is 
applied from an input terminal of the ?rst power supply 
voltage through the back?ow preventing diode. A voltage of 
a node between the diode and the capacitor is applied to the 
control circuit as the second power supply voltage. Therefore, 
when the ?rst power supply voltage is pulse-width-modu 
lated, a charging voltage of the capacitor is applied to the 
control circuit as the second power supply voltage during the 
period when the ?rst power supply voltage is not applied. 

In the motor driving circuit according to the embodiment of 
the invention, when the ?rst power supply voltage for driving 
the output circuit is pulse-width-modulated, a charging volt 
age of the capacitor is applied to the control circuit as the 
second power supply voltage even during the period when the 
?rst power supply voltage is not applied. The second power 
supply voltage does not signi?cantly vary in comparison with 
the ?rst power supply voltage. For this reason, the control 
circuit is stably operated by the second power supply voltage. 
As a result, it may be possible to correctly perform an opera 
tion that controls the rotational speed of the motor according 
to the pulse width of the ?rst power supply voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing the con?guration of a motor 
driving circuit according to a ?rst embodiment of the inven 

tion; 
FIG. 2 is a view showing the con?guration, which changes 

the rotational speed of a fan motor, of the circuit according to 
the ?rst embodiment; 

FIG. 3 is a graph showing the change of a power supply 
voltage when the circuit of FIG. 2 is used; 

FIG. 4 is a showing the con?guration of a motor driving 
circuit according to a second embodiment of the invention; 

FIG. 5 is a view showing the con?guration, which changes 
the rotational speed of a fan motor, of the circuit according to 
the second embodiment; 

FIG. 6 is a view showing the con?guration of a driving 
circuit of a fan motor in the related art; 

FIG. 7 is a view illustrating a ?rst method of changing the 
rotational speed of the fan motor by using the driving circuit 
of FIG. 6; 

FIG. 8 is a graph showing the relationship between a con 
trol voltage and a power supply voltage when the method of 
FIG. 7 is used; 

FIG. 9 is a view illustrating a second method of changing 
the rotational speed of the fan motor by using the driving 
circuit of FIG. 6; 

FIG. 10 is a graph showing the change of a power supply 
voltage when the method of FIG. 9 is used; and 

FIG. 11 is a view showing another con?guration of a driv 
ing circuit of a fan motor in the related art. 
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6 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Preferred embodiments of the invention, which are applied 
to a driving circuit for driving a fan motor mounted on a PC, 
will be described in detail below with reference to accompa 
nying drawings. 

FIG. 1 is a view showing the con?guration of a motor 
driving circuit according to a ?rst embodiment of the inven 
tion. 

In FIG. 1, a driving circuit of a single-phase full-wave 
brushless DC motor is shown as an example. The motor 
driving circuit includes a control circuit 10, a power output 
circuit 20, a capacitor C1, and a diode D1. The control circuit 
includes a Hall element 11, a Hall ampli?er 12, a waveform 
shaping circuit 13, and a switching control circuit 14. The 
power output circuit includes pnp transistors Q1 and Q2 and 
npn transistors Q3 and Q4. The motor driving circuit includ 
ing these circuits includes a fan motor, a fan 32, and a fan 
motor unit 1 that are integrated. The fan motor includes a coil 
L1 forming a stator and a rotor 31. Further, a power terminal 
41, a ground terminal 42, and an FG output terminal 43 are 
provided as input/ output terminals of the fan motor unit 1. 

Both ends of the coil L1 are connected to a portion between 
the transistors Q1 and Q3 and a portion between the transis 
tors Q2 and O4 in the power output circuit 20, so that an H 
bridge circuit is formed. 
The Hall element 11 is provided in the fan motor, and 

outputs a voltage signal corresponding to the direction of a 
magnetic ?eld that is changed due to the rotation of the rotor 
31 of the fan motor. The Hall ampli?er 12 ampli?es an output 
signal that is output from the Hall element 11. The waveform 
shaping circuit 13 shapes the waveform of the output signal, 
which is output from the Hall ampli?er 12, in a pulse shape. 
Further, the waveform shaping circuit outputs an FG signal, 
which is used to detect the number of revolutions of the rotor 
31, from the FG output terminal 43 to an external control 
device (not shown). 

Furthermore, the output signal that is output from the Hall 
ampli?er 12 is also sent to the switching control circuit 14. 
The switching control circuit 14 outputs a signal for switch 
ing the switching operations of the transistors O1 to Q4 of the 
power output circuit 20 on the basis of the output signal that 
is output from the Hall ampli?er 12, and determines the 
direction of current ?owing in the coil L1 so that the rotor 31 
is rotated in a de?nite direction. 
The control circuit 10 and the power output circuit 20 are 

provided with individual power terminals 15 and 21, respec 
tively. The power output circuit 20 is driven by a power supply 
voltage VCC that is applied from the power terminal 41 
through the power terminal 21. Meanwhile, the power termi 
nal 15 of the control circuit 10 is connected to a node between 
the diode D1 and the capacitor C1, and the circuits of the 
control circuit 10 are driven by a power supply voltage 
VCC_reg that is applied from the power terminal 15. 
An anode terminal of the diode D1 is connected to the 

power terminal 41, and a cathode terminal thereof is con 
nected to one end of the capacitor C1. Further, the other end 
of the capacitor C1 is grounded. Accordingly, when the power 
supply voltage VCC is applied to the power terminal 41, the 
capacitor C1 performs a charging operation. In this case, a 
voltage, which is dropped from the power supply voltage 
VCC as much as an internal resistance of the diode D1, is 
applied to the power terminal 15 of the control circuit 10. 
Further, the diode D1 functions to prevent the back?ow of the 
charge that is accumulated in the capacitor C1. 
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FIG. 2 is a vieW showing the con?guration, Which changes 
the rotational speed of a fan motor, of the circuit according to 
the ?rst embodiment. Further, FIG. 3 is a graph shoWing the 
change of a poWer supply voltage When the circuit of FIG. 2 
is used. 

In the circuit shoWn in FIG. 2, a transistor Q11 used to 
control the poWer supply voltage is provided outside the fan 
motor unit 1 shoWn in FIG. 1. The transistor Q11 is a pnp 
transistor, a poWer supply voltage (herein, 12 V) used to 
perform an operation is applied to a collector, and an emitter 
is connected to the poWer terminal 41 of the fan motor unit 1. 
A PWM (Pulse Width Modulation) signal is input to a base of 
the transistor Q11 from an external control device (not 
shoWn) as a control voltage Vc of rotational speed. 

Since the transistor Q11 is sWitched according to the con 
trol voltage Vc, as shoWn in FIG. 3, the poWer supply voltage 
VCC applied to the poWer terminal 41 of the fan motor unit 1 
has also a pulse-shaped Waveform. The pulse Width of the 
poWer supply voltage VCC is also changed according to the 
change of the pulse Width of the control voltage Vc, so that the 
effective voltage of the poWer supply voltage VCC applied to 
the poWer output circuit 20 is changed. 

In this case, according to this embodiment, the poWer ter 
minal 21 of the poWer output circuit 20 and the poWer termi 
nal 15 of the control circuit 10 are separated from each other, 
and each of the circuits is driven by electric poWer that is 
individually supplied thereto. The poWer output circuit 20 is 
directly driven by the poWer supply voltage VCC that is 
modulated by the PWM signal as described above, and the 
rotational speed of the rotor 31 is changed according to the 
change of the effective voltage of the poWer supply voltage 
VCC. 

MeanWhile, the poWer terminal 15 of the control circuit 10 
is connected to the node betWeen the capacitor C1 and the 
diode D1. Accordingly, When the poWer supply voltage VCC 
corresponds to a high level, the capacitor C1 is charged. When 
the poWer supply voltage VCC corresponds to a loW level, the 
charging voltage of the capacitor C1 is applied to the poWer 
terminal 15. As a result, the poWer supply voltage VCC_reg 
applied to the poWer terminal 15 is smoothed as shoWn in 
FIG. 3, and is not signi?cantly dropped depending on the 
poWer supply voltage VCC. 

For example, assuming that current i consumed by the 
control circuit 10 is about 5 mA, the modulation frequency f 
of the poWer supply voltage VCC is 20 kHZ, and the capaci 
tance C of the capacitor C1 is 0.47 uF, a voltage V (:VC 
C_reg) of the poWer terminal 15 is obtained from the folloW 
ing expression (2) by using the relationship of the folloWing 
expression (1). 

VIQ/CIO.00000025/0.00000047:0.53 (2) 

From the expression (2), the variation of the voltage of the 
poWer terminal 15 is about 0.53 V, and a stable voltage in 
comparison With the poWer supply voltage VCC of 12 V is 
applied to the control circuit 10. For this reason, each of the 
circuits of the control circuit 10 is stably operated regardless 
of the variation of the poWer supply voltage VCC. In particu 
lar, the effect of the variation of the poWer supply voltage 
VCC on the output voltage of the Hall ampli?er 12 may be 
reduced to a negligible degree, and a correct pulse signal 
proportional to the number of revolutions of the rotor 31 may 
be typically output as the PG signal. Therefore, the external 
control device may accurately recogniZe the number of revo 
lutions of the rotor 31, accurately control the rotational speed 
of the motor, and accurately detect the failure of the motor. 
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8 
FIG. 4 is a shoWing the con?guration of a motor driving 

circuit according to a second embodiment of the invention. In 
FIG. 4, circuits corresponding to the circuits shoWn in FIG. 1 
are indicated by the same reference numerals as those in FIG. 
1. 

FIG. 4 shoWs the con?guration of a so-called sensorless 
motor driving circuit that does not use a device for detecting 
the position of the rotor 31 such as a Hall element. Mean 
While, the sensorless motor driving circuit uses a three-phase 
brushless DC motor as a fan motor. 

The motor driving circuit according to this embodiment 
includes a control unit 50, an output unit 57, a capacitor C1, 
and a diode D1. The control unit includes a counter electro 
motive force detecting circuit 51, an FG detecting circuit 52, 
a timing generating circuit 53, a sWitching control circuit 54, 
a start logic circuit 55, and a clock generating circuit 56. The 
output unit includes poWer output circuits 57a to 570 that 
correspond to a U phase, a V phase, and a W phase, respec 
tively. Further, a poWer terminal 61 of the output unit 57, a 
poWer terminal 62 of the control unit 50, coil terminals 63a to 
630 to Which coils L11 to L13 corresponding to the phases are 
respectively connected, and a common terminal 64 are pro 
vided as input/output terminals of the motor driving circuit. 
The motor driving circuit having the above-mentioned 

con?guration includes a fan motor, a fan 32, and a fan motor 
unit 2 that are integrated. The fan motor includes the coils L11 
to L13 and a rotor 31. Further, a poWer terminal 41, a ground 
terminal 42, and an FG output terminal 43 are provided as 
input/output terminals of the fan motor unit 2. 
Each of the poWer output circuits 57a to 570 includes tWo 

sWitch elements (for example, a pnp transistor and an npn 
transistor), and a six-element bridge circuit is formed by the 
sWitch elements and the coils L11 to L13. That is, one ends of 
the corresponding coils L11 to L13 are connected to nodes 
betWeen tWo sWitch elements of the poWer output circuits 57a 
to 570 through the coil terminals 63a to 630, respectively, and 
the other ends of the coils L11 to L13 are commonly con 
nected to the common terminal 64. 

The counter electromotive force detecting circuit 51 com 
pares the voltages betWeen the common terminal 64 and the 
coil terminals 63a to 630 With a predetermined voltage, in 
order to detect the polarities of the counter electromotive 
forces generated in the coils L11 to L13. The PG detecting 
circuit 52 converts the detection result of the counter electro 
motive force corresponding to each phase into position infor 
mation. Further, the PG detecting circuit outputs an FG sig 
nal, Which is used to detect the number of revolutions of the 
rotor 31, from the PG output terminal 43 to an external control 
device (not shoWn). 
The timing generating circuit 53 performs a counting 

operation, Which is based on the Zero-cross timing of the 
voltage of each of the coils L11 to L13, on the basis of the 
detection result of the counter electromotive force detecting 
circuit 51. The timing generating circuit generates a timing 
signal that is used as reference of conduction timing corre 
sponding to each phase. The sWitching control circuit 54 
sWitches the tuming-on/off operation of each of the sWitch 
elements of the poWer output circuits 57a to 570 on the basis 
of the timing signal generated by the timing generating circuit 
53, and alloWs current to selectively How in the coils L11 to 
L13 so that the rotor 31 is rotated in a de?nite direction. 
The start logic circuit 55 and the clock generating circuit 56 

are circuits operated during the driving Without a suf?cient 
counter electromotive force. The start logic circuit 55 controls 
the timing generating circuit 53 so that the timing generating 
circuit generates a timing signal. The timing signal alloWs the 
rotor 31 to be rotated on the basis of the clock signal generated 
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by the clock generating circuit 56. When the rotational speed 
of the rotor 31 reaches a predetermined rotational speed 
through the control of the start logic circuit 55, the operation 
of the start logic circuit 55 is stopped and sWitched into the 
control operation based on the detection result of the counter 
electromotive force detecting circuit 51. 

The output unit 57 and the control unit 50 are provided With 
poWer terminals 61 and 62, respectively. The poWer output 
circuits 57a to 570 of the output unit 57 are driven by the 
poWer supply voltage VCC that is applied from the poWer 
terminal 41 through the poWer terminal 61. MeanWhile, the 
poWer terminal 62 of the control unit 50 is connected to a node 
betWeen the diode D1 and the capacitor C1, and the circuits of 
the control unit 50 are driven by the poWer supply voltage 
VCC_reg that is applied from the poWer terminal 62. 

Like the ?rst embodiment, an anode terminal of the diode 
D1 is connected to the poWer terminal 41, and a cathode 
terminal thereof is connected to one end of the capacitor C1. 
Further, the other end of the capacitor C1 is grounded. 
Accordingly, When the poWer supply voltage VCC is applied 
to the poWer terminal 41, the capacitor C1 performs a charg 
ing operation. In this case, a voltage, Which is dropped from 
the poWer supply voltage VCC as much as an internal resis 
tance of the diode D1, is applied to the poWer terminal 62 of 
the control unit 50. Further, the diode D1 functions to prevent 
the back?oW of the charge that is accumulated in the capacitor 
C1. 

FIG. 5 is a vieW shoWing the con?guration, Which changes 
the rotational speed of a fan motor, of the circuit according to 
the second embodiment. 

In this case, it is considered that the rotational speed of the 
fan motor is controlled by inputting a PWM signal to the 
poWer terminal 41 of the fan motor unit 2. When the poWer 
supply voltage VCC is modulated by the PWM signal, the 
effective voltage of the poWer supply voltage VCC is changed 
according to the pulse Width thereof. Therefore, the current 
?oWing in the coils L11 to L13 is changed, so that the rota 
tional speed of the rotor 31 may be changed. 

MeanWhile, like the ?rst embodiment, When the poWer 
supply voltage VCC corresponds to a loW level, the charging 
voltage of the capacitor C1 is applied to the poWer terminal 62 
of the control unit 50. Therefore, the poWer supply voltage 
VCC_reg of the poWer terminal 62 is smoothed, and is not 
signi?cantly dropped depending on the poWer supply voltage 
VCC. For this reason, even When the poWer supply voltage 
VCC is modulated by the PWM signal, the circuits of the 
control unit 50, particularly, a logic circuit such as a counter 
mounted on the timing generating circuit 53 may be normally 
operated. 

Accordingly, as shoWn in FIG. 5, the transistor Q11 is 
provided outside the fan motor unit 2 like the ?rst embodi 
ment, so that the poWer supply voltage VCC is modulated by 
the PWM signal. As a result, it may be possible to control the 
rotational speed of the fan motor Without malfunction. 
According to this embodiment, it may be possible to detect 
the position of the rotor 31 Without using a Hall element. 
Therefore, it may be possible to improve the reliability 
against temperature variation and the like, and to reduce 
manufacturing cost in comparison With the ?rst embodiment. 

Although a motor driving circuit of a fan motor has been 
exempli?ed in each of the above-mentioned embodiments, 
the motor and the application of the driving circuit are not 
particularly limited. In addition, an applicable motor is also 
not particularly limited to a single-phase motor or a three 
phase motor. 

It should be understood by those skilled in the art that 
various modi?cations, combinations, sub-combinations and 
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10 
alterations may occur depending on design requirements and 
other factors insofar as they are Within the scope of the 
appended claims or the equivalents thereof. 

What is claimed is: 
1. A motor driving device, Which drives a motor, compris 

ing: 
an output circuit that is driven by a ?rst poWer supply 

voltage, includes a sWitching element of Which tuming 
on/off is sWitched according to a sWitching control sig 
nal, and outputs current corresponding to the pulse Width 
of the voltage to motor coils When receiving a pulse 
Width-modulated ?rst poWer supply voltage; 

a start logic circuit that controls a rotational speed of a rotor 
of the motor beloW a threshold; 

a control circuit that is driven by a second poWer supply 
voltage and that includes a position detecting circuit and 
a sWitching circuit, the position detecting circuit detect 
ing the position of the rotor by detecting counter elec 
tromotive forces that are generated in the motor coils 
during the rotation of the rotor to control the rotational 
speed at and above the threshold, the sWitching circuit 
generating a sWitching control signal on the basis of the 
detection result of the position detecting circuit in order 
to sWitch the turning-on/ off of the sWitching element; a 
back?oW preventing diode; and 

a capacitor that performs a charging operation by a voltage 
that is applied from an input terminal of the ?rst poWer 
supply voltage through the diode, the capacitor applying 
a charging voltage of a node betWeen the diode and the 
capacitor to the control circuit as the second poWer sup 
ply voltage during a period When the ?rst poWer supply 
voltage is not applied, the back?oW preventing diodes 
prevents back?oW of charge accumulated in the capaci 
tor. 

2. The motor driving device according to claim 1, Wherein 
the position detecting circuit includes: 

a Hall element that detects the direction of a magnetic ?eld 
generated by the rotor, 

a Hall ampli?er that ampli?es the Waveform of an output of 
the Hall element and sends the output to the sWitching 
circuit, and 

an output terminal through Which the Waveform of the 
output of the Hall ampli?er is output to an external 
control device as a position detection signal, the position 
detection signal being utiliZed by the external control 
device to determine revolutions of the rotor for control 
ling the rotational speed of the motor and any failure. 

3. The motor driving device according to claim 1, Wherein: 
the output circuit supplies current to the motor coils that 

correspond to a plurality of phases, 
the position detecting circuit detects a position correspond 

ing to a Zero level of a voltage generated in each of the 
coils of the motor on the basis of the counter electromo 
tive force that is generated in each of the motor coils 
corresponding to the phases, and 

the sWitching circuit generates a conduction timing of each 
of the motor coils corresponding to the phases on the 
basis of the detection result of the position correspond 
ing to the Zero level, and outputs the sWitching control 
signal corresponding to the conduction timing alloWing 
current to selectively How to a plurality of coils so that 
the rotor is rotated in a de?nitive direction. 

4. The motor driving device according to claim 1, further 
comprising a voltage output circuit including a sWitching 
circuit that generates the pulse-Width-modulated ?rst poWer 
supply voltage by performing a tuming-on/off operation 
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according to a PWM signal input from the outside, wherein 
the motor is a three-phase brushless DC motor. 

5. The motor driving device according to claim 1, further 
comprising a timing generating circuit that performs a count 
ing operation based on the Zero-cross timing of the voltage of 
each of a plurality of coils detected by the position detecting 
circuit, the control circuit alloWs current to selectively How to 
the plurality of coils so that the rotor is rotated in a de?nitive 
direction in response to a timing signal from the timing gen 
erating circuit. 

6. A motor unit comprising: 
a motor; and 
a motor driving device that drives the motor and is inte 

grated With the motor, 
Wherein, the motor driving device includes 

an output circuit that is driven by a ?rst poWer supply 
voltage, includes a sWitching element of Which tum 
ing-on/off is sWitched according to a sWitching con 
trol signal, and outputs current corresponding to the 
pulse Width of a pulse-Width-modulated ?rst poWer 
supply voltage to motor coils When receiving the volt 
age; 

a control circuit driven by a second poWer supply volt 
age, and including a position detecting circuit that 
detects the position of a rotor of the motor and a 
sWitching circuit that generates a sWitching control 
signal on the basis of the detection result of the posi 
tion detecting circuit in order to sWitch the tuming 
on/off of the sWitching element; 

a timing generating circuit that performs a counting 
operation based on a Zero-cross timing of the voltage 
of each of the motor coils detected by the position 
detecting circuit, the control circuit alloWs current to 
selectively How to the motor coils so that the rotor is 
rotated in a de?nitive direction in response to a timing 
signal from the timing generating circuit 

a back?oW preventing diode; and 
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a capacitor that performs a charging operation by a volt 

age that is applied from an input terminal of the ?rst 
poWer supply voltage through the diode, and applying 
a charging voltage of a node betWeen the diode and 
the capacitor to the control circuit as the second poWer 
supply voltage during a period When the ?rst poWer 
supply voltage is not applied. 

7. The motor unit according to claim 6, further comprising 
a fan that is driven by the motor and is integrated. 

8. The motor unit according to claim 6, Wherein the motor 
is a brushless motor. 

9. The motor unit according to claim 6, further comprising 
a voltage output circuit including a sWitching circuit that 
generates the pulse-Width-modulated ?rst poWer supply volt 
age by performing a turning-on/ off operation according to a 
PWM signal input from the outside. 

1 0. The motor unit according to claim 6, further comprising 
a start logic circuit operable to control a rotational speed of 
the rotor beloW a threshold, the position detecting circuit 
detects the position of the rotor by detecting counter electro 
motive forces that are generated in the motor coils during the 
rotation of the rotor to control the rotational speed at and 
above the threshold. 

11. The motor unit according to claim 6, Wherein the posi 
tion detecting circuit includes: 

a Hall element that detects the direction of a magnetic ?eld 
generated by the rotor, 

a Hall ampli?er that ampli?es the Waveform of an output of 
the Hall element and sends the output to the sWitching 
circuit, and 

an output terminal through Which the Waveform of the 
output of the Hall ampli?er is output to an external 
control device as a position detection signal, the position 
detection signal being utiliZed by the external control 
device to determine revolutions of the rotor for control 
ling the rotational speed of the motor and any failure. 

* * * * * 


